Capsule: The slight difference in the level of sperm DNA damage found between congenital and acquired cases of undescended testes (UDT) supports the hypothesis that UDT represents a spectrum of both congenital and acquired UDT. 
INTRODUCTION
Undescended testis (UDT) is a common urogenital abnormality, of which two types are distinguished: congenital and acquired (Bonney et al., 2008; Taghizadeh & Thomas, 2008) . The congenital type is seen in approximately 1% of boys at the age of one year (Virtanen & Toppari, 2008) . The acquired type is seen in 1-3% of boys with a previously normally descended testis (Agarwal et al., 2006; Hack et al., 2007) . Men with a history of UDT carry a higher risk of fertility problems later in life (Lee et al., 1996 (Lee et al., , 1997 ; little is known about any differences in this respect between the types. In our previous long-term follow-up study, though, we found no statistical differences in testicular volume, endocrinological evaluation and semen parameters between men with congenital and acquired UDT (van Brakel et al., 2014) . The classic semen analysis has its limitations, such as interindividual variations and large inter-and intralaboratory variability (Jorgensen et al., 1997; Alvarez et al., 2003) . Moreover, classic semen parameters are poor predictors for fertility (Guzick et al., 2001) . A review by Lewis et al. (2003) , however, concluded that the level of sperm DNA damage can discriminate fertility potential, as this correlates with spontaneous pregnancy and results of intra-uterine insemination. The biological variation in sperm DNA fragmentation is lower than that of conventional semen parameters (Smit et al., 2007) .
In this study we aimed to answer the following questions: (i) Are there differences in sperm DNA damage determined by sperm chromatin structure assay (SCSA) between congenital and acquired UDT?; (ii) Are there significant differences in sperm DNA damage between men with previous UDT and a healthy control group?; (iii) Does the age at orchiopexy influence the level of sperm DNA damage in congenital UDT?; (iv) Is there a difference in the level of sperm DNA damage between men whose testis descended spontaneously and men who needed orchiopexy in acquired UDT?; (v) Are the sperm DNA levels different between men who fathered children and men who did not.
MATERIAL AND METHODS

Participants
Men with a history of congenital or acquired UDT who had participated in two long-term follow-up studies on fertility potential performed at the Erasmus Medical Center were included (van Brakel et al., 2013 (van Brakel et al., , 2014 . They visited the andrology outpatient clinic for fertility screening, including medical history taking, physical examination, scrotal ultrasound, determination of reproductive hormones, and semen analysis. Inclusion of participants in both studies was described previously. In short: the congenital UDT group (N = 62) consisted of men treated for congenital UDT by orchiopexy at various childhood ages (van Brakel et al., 2013) . The acquired group (N = 65) consisted of men diagnosed with acquired UDT as a child for which they were annually monitored until puberty by either the Erasmus Medical Center-Sophia Children's Hospital or Medical Center Alkmaar (van Brakel et al., 2014) . Spontaneous descent was awaited until at least Tanner stage P2G2 and followed by orchiopexy in case of non-descent. Acquired UDT was defined as an UDT for which youth health care physicians at least twice had documented a previous scrotal position.
Twenty-two healthy proven fertile men served as controls and donated a semen sample for sperm DNA fragmentation prior to vasectomy. The study was reviewed and approved by the Medical Ethical Review Board at Erasmus University Medical Center in Rotterdam (MEC number 2004-206) . Written informed consent was obtained from all men who agreed to participate in the study.
Semen analysis
A semen sample was produced by masturbation after a 3-5 day ejaculatory abstinence. Part of the ejaculate was stored at À80°C for later Sperm Chromatin Structure Assay (SCSA).
Within one hour, after liquefaction, sperm concentration (reference value ≥15 9 10*6/mL), total sperm count (reference value ≥39 9 10*6/ejaculate), progressive motility (reference value ≥32%), and morphology (reference value ≥4% normal forms) were determined by the method described the 2010 WHO-manual (WHO, 2010) .
Sperm chromatin structure assay
Sperm DNA fragmentation was assessed using SCSA as previously described (Evenson & Jost, 2000) . A FACScan from Becton Dickinson (San Jose, CA, USA) was used. Frozen semen samples were quickly liquefied in a warm water bath of 37°C and diluted to a concentration sperm cells of 1-2 9 10 6 /mL. After exposure to acid detergent solution the sample was stained with acridine orange. Three minutes after adding the acid detergent solution, the fluorescence patterns in 5000 cells were collected. Bacteria, leucocytes and debris were removed from the total cell count during acquisition. A reference sample was used to adjust the voltage gains of the flow cytometer FL3 and FL1 photomultipliers that analyse red and green fluorescence respectively before the actual sample and after every 5-10 samples. The reference sample was used to adjust the voltage gains to acquire stable mean red (X) and green (Y) values at 110 and 370 channels, respectively, with a maximum discrepancy of five channels. If the fluorescent signal of the reference sample drifted the voltage gains were re-adjusted. The DNA fragmentation index (DFI) expresses the amount of sperm DNA damage and is a reflection of red fluorescence to total fluorescence. The DFI was calculated using CELL QUEST PRO (Becton Dickinson, San Jose, CA, USA) and WINLIST software (Verity Software House Inc., Topsham, ME, USA). Each sample was measured twice and the mean of both DFIs was used for analysis. Decreased fertility potential was considered if DFI was above 30% (Evenson et al., 1999; Spano et al., 2000) .
Statistics
Mann-Whitney U test and Fisher's exact test
Continuous variables were tested with the Mann-Whitney U test; categorical variables with Fisher's exact test. When analysing the level of sperm DNA damage the median DFI was used as a continuous variable and furthermore the cut off value of 30% was used to dichotomize the DFI. Difference in DFI were analysed between the congenital and acquired UDT groups and a control group. Also the influence of age at orchiopexy (before and after 12 months, 18 months and 24 months of age) on the DFI in the congenital group was evaluated, as well as the effect of orchiopexy or spontaneous descent in the acquired group on the DFI. Furthermore, DFI was compared between men who had fathered children and those who had not.
Logistic regression analysis
To evaluate the effect of the type of UDT (congenital or acquired) on sperm DNA damage, the percentage of sperm DNA damage was modelled as a function of other measured or otherwise known variables. In a logistic regression model sperm DNA damage was categorized as poor fertilizing potential or normal fertilizing potential using the 30% threshold for the percentage of DNA damage. We corrected for age, smoking, varicocoele, follicle stimulating hormone (FSH), inhibin B, leucocytes in the ejaculate, days of ejaculatory abstinence, body mass index, sperm concentration, sperm motility, sperm morphology, and uni-/bilateral UDT (Sun et al., 1997; Spano et al., 1998; Alvarez et al., 2002; Giwercman et al., 2003; Kort et al., 2006; Sepaniak et al., 2006; Smith et al., 2006; Schmid et al., 2007; Erenpreiss et al., 2008; Smit et al., 2010) . First we performed a univariate logistic regression for all variables. Insignificant variables (p-value threshold of 0.2) were then removed in a backwards elimination procedure. For all analyses a two-sided p-value of <0.05 was considered statistically significant. The statistical analyses were performed with SPSS 15.0 (SPSS Inc., Chicago, IL, USA) and with STATA DATA ANALYSIS AND STATISTICAL SOFTWARE v.11.0 (StataCorp, College Station, TX, USA).
RESULTS
A total of 127 men (congenital UDT N = 62, acquired UDT N = 65) were included.
Results of the traditional semen analyses for the congenital group (N = 62) and the acquired group (N = 63, two men had no ejaculation), are given in Table 1 , broken down for unilateral and bilateral UDT. In both unilateral groups the median values of the traditional semen parameters were around the WHO reference cut-off values. In both bilateral groups the median concentrations and total sperm counts were clearly below the reference values. No statistically significant differences in sperm parameters were found when comparing unilateral congenital UDT with unilateral acquired UDT or comparing bilateral congenital UDT with bilateral acquired UDT. However, median concentration and total sperm count were remarkably lower in the bilateral congenital group in comparison with the bilateral acquired group.
SCSA evaluation was not possible in 13 men as a result of logistical problems such as faulty freezer, forgotten by laboratory staff, or no readable patient identification. Also the first couple of patients in the congenital group were missed because semen collection for SCSA was started a little while after start of inclusion (Fig. 1) . Furthermore in 15 men the semen sample could not be stored for SCSA because of no ejaculate, low volume of the ejaculate, cryptozoospermia or azoospermia (Fig. 1) . Thus the DFI was successfully measured in duplicate in 99 study participants (congenital group N = 50 and acquired group N = 49).
Congenital UDT vs. acquired UDT
We found no statistically significant differences in median DFI levels or the percentage of men having a DFI >30% between congenital and acquired UDT when evaluating the unilateral UDT group and bilateral UDT group together and separately (Table 2 ). However, in the bilateral congenital group the median DFI and the percentage of men having a DFI above 30% were remarkably higher than in the other groups. The bilateral acquired group had the second highest number of men with a DFI >30%. No statistically significant differences were found when comparing unilateral UDT with bilateral UDT, both in the congenital and the acquired UDT group.
Congenital UDT and acquired UDT vs. control group
No statistically significant differences were found in median DFI levels between the UDT groups and the control group (Table 2) .
When taking the threshold of 30% into account, significantly more men with congenital UDT (both unilateral and bilateral UDT) were found to have a DFI >30% (9/50; 18%) compared to none of the proven fertile men in the control group (p-value 0.049). This also held for men with bilateral congenital UDT compared with controls (3/7; 43%) vs. none of 22; p-value 0.01). For all other analyses no significant differences were found.
Congenital UDT: influence of age at orchiopexy on DFI
In the unilateral group, 19 men had been treated with orchiopexy on or before the age of 24 months, nine before the age of 18 months, and seven before the age of 12 months (Table 3 ). In the bilateral group two men had been surgically treated before 24 months of age, of whom one before the age of 18 months. Age at orchiopexy did not have a significant influence on the level of sperm DNA damage (median DFI nor percentage of men with DFI> 30%) when using a cut off age of 24 months (Table 3) , or 18 months or 12 months in both the unilateral and the bilateral group (data not shown).
Acquired UDT: influence of spontaneous descent or orchiopexy on DFI
In the unilateral group testicular descent was successfully awaited in 18 out the 38 men (47%) ( Table 3 ). The other 20 had been treated with orchiopexy. In the bilateral group 6 out of 11 men (55%) had a spontaneous descent. No significant differences in median DFI or percentage of DFI >30% could be detected between men with a spontaneous descent in comparison to men needing orchiopexy in both the unilateral and the bilateral group.
Paternity: Effect of sperm DNA damage on the success rate of men attempting fatherhood Twenty-three out of 99 men attempted fatherhood, of whom 14 (61%) succeeded. There was no significant difference in DFI levels in men who succeeded and those who did not [median (range): 14.2 (6.8-58.9) vs. 14.1 (1.5-35.9); p-value 0.69]. 
Logistic regression analyses
The type of UDT (congenital or acquired) did not correlate with a DFI above or below 30%. Univariate logistic regression analyses showed a positive correlation of FSH (IU/L) with DFI. A FSH above 7.0 IU/L was associated with a DFI above 30% (Odds ratio (OR) 1.9 95% confidence interval (95% CI) 1.98-20.54; pvalue 0.002). Concentration and morphology were negatively correlated with DFI: a concentration below 15 9 10*6/mL and the lower the number of morphological normal sperm the higher odds of having a DFI above 30% (OR À1.77, 95% CI 0.05-0.575; p-value 0.04 and OR À0.29, 95% CI 0.59-0.95; p-value 0.02 respectively). In multivariate logistic regression analyses none of the variables remained statistically significant.
DISCUSSION
Previous studies have reported higher levels of sperm DNA damage in men with a history of UDT (Smith et al., 2007; Velez de la Calle et al., 2008; Sousa et al., 2009; Smit et al., 2010) . Participants in those studies were mostly men visiting fertility clinics. The participants of the present study were recruited from historical cohorts with UDT. They were not selected based on inability to father children and therefore reflect the normal, unselected UDT population. This may be considered a strength of the study. Moreover, our study is the first to report fertility assessed by SCSA in men with acquired UDT. In our previous study we found no differences in fertility potential between congenital UDT and acquired UDT on the basis of 'traditional' fertility parameters. Still, men with previous bilateral UDT (congenital or acquired) had the lowest fertility potential (van Brakel et al., 2014) . We hypothesized that UDT is a spectrum encompassing congenital UDT and acquired UDT and that men with bilateral UDT are more severely affected than men with unilateral UDT in terms of fertility potential.
In this study the DFI served as a measure of the severity of spermatogenic failure (Smith et al., 2007; Velez de la Calle et al., 2008; Sousa et al., 2009; Smit et al., 2010) . If congenital and acquired UDT share the same aetiology, little differences can be expected in the level of sperm DNA damage between both conditions, as was the case in our study. Also, one would expect the highest level of DFI in men with bilateral UDT. In this study, based on the DFI the fertilizing potential of men with a history of bilateral UDT, especially with bilateral congenital UDT, indeed seemed more severely affected than that of men with unilateral UDT. Several hypotheses regarding the differences between acquired and Azoospermia N = 5 Figure 1 Inclusion for current study. congenital UDT have been proposed. One of these assumes that in acquired UDT the crucial development of type A spermatogonia has already occurred during the first year of life before the testis ascended (Murphy et al., 2007) . This, then, would be associated with fewer fertility problems. In contrast, a study by Gracia et al., (1998) found a mean decreased tubular fertility index value in men with acquired UDT, indicating impaired spermatogenesis similar to that in congenital UDT. The shared aetiology in congenital and acquired UDT referred to above has also been suggested in two other studies (Tanyel, 2004; Hack et al., 2012) . In our previous studies, men with a history of UDT, either congenital or acquired, showed compromised fertility in comparison with men without a history of UDT (van Brakel et al., 2013 , 2014 . The higher numbers of patients with a DFI above 30% in all UDT groups compared with the control group confirms this conclusion, although the difference only reached significance for the complete congenital UDT and the bilateral congenital UDT groups. A study on DFI measured by SCSA also found that it was significantly higher in men with UDT in comparison with a normospermic control group (Smith et al., 2007) . DFI level in the normospermic control group of that study was lower than that in the control group of our study. Our control group were men with proven fertility opting for vasectomy; their semen analyses, however, were unknown. A study by Smit et al. (2010) also found a significantly higher DFI in men with UDT in comparison with the control group. In both studies the mean DFI in the UDT group was higher than that in our participants. This could be as a result of selection bias: all men eligible for inclusion in those studies attended a fertility clinic because of subfertility.
The influence of early orchiopexy on fertility in congenital UDT is still being debated. While some studies suggest that early orchiopexy results in better semen parameters (Taskinen et al., 1996; Engeler et al., 2000; Canavese et al., 2009) , others, including ours, do not confirm this (Coughlin et al., 1999; Gracia et al., 2000; Lee & Coughlin, 2001; Vinardi et al., 2001; van Brakel et al., 2013) . High levels of sperm DNA damage found in humans with UDT can be explained by primary testicular dysfunction and/or high levels of reactive oxygen species (ROS) (Smith et al., 2007) . ROS induce apoptosis in the testes and accelerate cell death (Peltola et al., 1995; Chaki et al., 2005) . In rats, UDT is associated with high levels of ROS as a result of hyperthermia and lower intra-testicular testosterone levels (Ahotupa & Huhtaniemi, 1992; Peltola et al., 1995; Chaki et al., 2005; Misro et al., 2005) . It is unknown whether reducing the duration of hyperthermia during childhood has an impact on sperm DNA damage in adult life. In case of congenital UDT, age at orchiopexy is a surrogate for the time of hyperthermia in the non-scrotal position. In our congenital UDT group, age at orchiopexy did not have a significant effect on the amount of sperm DNA damage.
In our acquired UDT group, the median DFI and the proportion of men with a DFI > 30% did not differ between men whose testis had descended spontaneously and men who needed orchiopexy. Thus, the 'wait-and-see'-protocol does not seem to lead to different fertility potential in adulthood. This statement should be interpreted with caution because studies on the level of sperm DNA damage in adulthood following immediate orchiopexy at diagnosis are lacking.
Men from infertile couples with normal semen parameters more often have high levels of sperm DNA fragmentation compared with fertile men with normal semen parameters Zini et al., 2002) . In our study, 23 out of 99 men attempted fatherhood, of whom 14 succeeded. We found no difference in DFI level, however, between those who succeeded and those who did not. This lack of difference may be explained perhaps by the small sub sample.
This study has some limitations. First, sub sample sizes are relatively small, especially the bilateral UDT group. Second, the historical cohorts included in this study were not part of randomized control trials. Third, relatively few men with congenital UDT had been operated at very young age. Despite these limitations this study adds to the current literature for the following reasons: (i) the men included in this study reflect the normal UDT population; (ii) the study reports on a group of men with either congenital or acquired UDT instead of a group whose previous testis position has not been taken into account; (iii) uniand bilateral UDT have been considered separately.
In conclusion, any sperm DNA damage in men with previous undescended testes is not dependent on whether this condition was congenital or acquired. Secondly, DNA damage was higher in UDT groups especially the bilateral congenital group in comparison with a control group implicating worse fertilizing potential. Furthermore, age at orchiopexy in congenital UDT does not seem to have an influence on sperm DNA damage. In the case of acquired UDT, a 'wait and see'-protocol may be justified. Finally, sperm DNA damage was not different between men who fathered children and the ones who failed.
